Purpose: Define a group of patients with newly diagnosed prostate cancer, whose risk of bone metastasis is low enough to omit a bone scan staging study. Materials and Methods: From 2003 to 2009, the medical records of patients who were newly diagnosed with prostate cancer were retrospectively reviewed. The data collected included: age, digital rectal examination, serum prostate specific antigen (PSA), Gleason score, clinical T stage, and bone isotope scan. Patients were divided into two groups according to the results of bone isotope scan; positive group and negative group. A univariate and multivariate binary logistic regression was used to analyze the results. Results: Of the 106 patients, 98 had a complete data collection and were entered into the study. The median age of the patients was 70.5 years and patients with a positive bone scan was 74 years, significantly higher than for patients with negative scans (69 years) (p = 0.02). Bone metastasis was detected in 39 cases (39.7%). In all patients with clinical T1-2 stage, a Gleason score of < 8 and PSA ≤ 20 ng/mL, the bone isotope scans were negative. In univariate analysis, PSA (> 20 ng/mL) and Gleason score (> 7) were independently predictive of positive bone scan, while clinical stage was not. Conclusion: Staging bone scans can be omitted in patients with a PSA level of ≤ 20 ng/mL, and Gleason score < 8. Our results suggest that by considering the Gleason score and PSA, a larger proportion of patients with prostate cancer could avoid a staging bone scan.
INTRODUCTION
Prostate cancer is one of the most commonly diagnosed malignant diseases in Western countries but it is relatively rare in Asia (1) . Prostate specific antigen (PSA) is a valuable tool for detecting prostate cancer (PC), but it is not perfect. The test lacks both the sensitivity and specificity to accurately detect the presence of PC. PSA is a prostate-specific marker, Clinical Urolo�� Clinical Urolo�� doi: 10.1590/S1677-55382010000600006 not a PC marker (2) . Since the dosing of serum PSA is accompanied by failure, variants of PSA measurements have been described in order to increase its accuracy: free/total PSA ratio, age-specific PSA, PSA density and PSA velocity (3) . It was concluded that the combination of the PSA density, free PSA percentage and age are factors which contribute to high accuracy for PC detection (4) . Despite the development of tools that help early diagnosis of organ-confined prostate cancer, up to 22% of newly diagnosed patients has been reported to have advanced or metastatic disease (5) . The accurate staging of newly diagnosed patients helps to assess prognosis and ensure appropriate treatment. The staging process for patients diagnosed with prostate cancer includes a digital rectal examination (DRE), PSA, as well as pelvic computed tomography (CT) scan, pelvic lymphadenectomy and radionuclide bone scan (6) . The detection of bone metastases using isotope bone scanning was first described using strontium in the early 1960s and it has long been the standard reference investigation for detecting bone metastases in prostate cancer (7) . Technetium-99m labeled diphosphonates is very sensitive but its specificity is reduced in older men (7) . Bone is the second most common site for metastatic deposits from prostate cancer and the skeleton is involved in 80-85% of patients who die of prostate cancer (8) . Patients with prostate cancer are not at the same risk of developing bone metastasis. This may be translated into a high number of patients where staging bone scan studies can be avoided with a significant reduction of costs for the health care system. The American Urological Association (AUA) (9) and the European Association of Urology (EAU) (10) guidelines for prostate cancer suggest that bone scan may not be indicated in asymptomatic patients if serum PSA level is less than 20 ng/mL in the presence of well differentiated tumor, while the Japanese Urological Association guidelines for prostate cancer in 2006 indicates that a bone scan can be omitted for patients with PSA level of 10 ng/mL or less who have well differentiated prostate cancer (11) . Although the issue remains controversial and the AUA and EUA guidelines for prostate cancer are still externally not completely validated, in this study we retrospectively tried to evaluate the relationship between clinical T stage, serum PSA level, Gleason score and bone metastasis, in an attempt to define a group of patients whose risk of a positive radioisotope bone scan is low enough to be omitted.
MATERIALS AND METHODS
From 2003 to 2009, the medical records of patients who were newly diagnosed with prostate cancer at King Abdullah University Hospital were retrospectively reviewed. The data collected included the following information: age, DRE, serum PSA, transrectal ultrasound of the prostate, prostatic biopsy Gleason score, clinical T stage, bone pain, and bone radioisotope scan. Data regarding prostate biopsy core involvement (number from each side and percentage of each core) were not analyzed because pathological reports of many patients had incomplete information. Of this cohort, patients with prior treatment, including hormonal therapy, radical prostatectomy, or radiation therapy were excluded. Patients were included only if they had their PSA estimated within 4 weeks of the bone scan. Patients were divided into two groups according to the results of bone isotope scan; positive group and negative group. Serum PSA levels were usually obtained using the Hybritech assay (upper limit of 4 ng/mL). T staging was based on the results of DRE because information regarding transrectal prostate ultrasound, CT scan, magnetic resonance imaging or biopsies was not used because it was not available in all patients' medical records. The results of the Tc-99 m methylenediphosphonate radionuclide bone scan were obtained from the radiology reports (by a full-time radiologist in nuclear medicine) from the database of the hospital. For patients with equivocal bone scans a CT scan was performed to confirm the isotope scan findings.
In order to establish criteria for avoiding bone scans in prostate cancer; a univariate and multivariate binary logistic regression approach was used to measure odds ratios for age, PSA levels, Gleason score, and T staging. Multivariate results were based on direct entry of chosen variables because the stepwise selection model only accepted the PSA levels as a significant model. The differences in significance of subgroups in the studied variables were used as cutoff criteria for avoiding bone scans in prostate cancer. Categorical variables were compared according to bone scans using Pearson's chi square test. A p-value < 0.05 was considered significant. All tests were performed on SPSS 16.0 software.
RESULTS
Of the overall 106 patients with newly diagnosed prostate cancer, 98 had a complete retrospective data collection and were entered into this study. The median age of the patients was 70.5 years and patients with a positive bone isotope scan was 74 years, significantly higher than the median age for patients with negative scans (69 years) (p = 0.02). Demographic and clinical data for both groups of patients (patients with positive scans and patients with negative scans) are shown in Table-1. Gleason score of 8-10 was found in 45 out of 98 patients (45.9%), and clinical T1-2 stage was found in 61 out of 98 cases (62.2%).
Bone metastasis was detected in 39 cases (39.7%). In all patients with clinical T1-2 stage, Gleason score of < 8 and PSA ≤ 20 ng/mL, bone isotope scans were negative, while four out of 12 patients (33.3%) with T1-2, PSA < 10 ng/mL and Gleason score 8-10 had positive bone metastasis as seen in Table-2.  Table-3 demonstrates the univariate and multivariate analyses to assess the ability of age, PSA, Gleason score and clinical T stage to predict a positive bone isotope scan.
In univariate analysis, PSA (values of PSA greater than 20 ng/mL) and Gleason score (> 7) were independently predictive of positive bone scan, while clinical stage was not. Age was only significant for those people who were older than 75 years.
In multivariate analysis, PSA was significant regardless of the other adjusted factors. The strongest predictor of a positive scan was a serum PSA of > 100 ng/mL (Table-3 ). Interestingly, serum PSA levels of ≤ 20 ng/mL did not independently predict a positive scan on multivariate analysis. Age lost the significance value in the multivariate analysis because of the effect of other factors (PSA, Gleason score and clinical T stage). In general the multivariate analysis showed a decrease in the significance levels and in the odds ratios (OR) with the exception of the PSA range of 20.1-40, which had an increase in OR. 
COMMENTS
Initial staging of prostate cancer is necessary for choosing the type of treatment. Bone scanning has been routinely used to detect bone metastases for patients with newly diagnosed prostate cancer (6) . However, the detection rate of bone metastases in newly diagnosed prostate cancer is influenced by three major prognostic factors; PSA, stage and grade (12) . Although the relationship between PSA and bone scan findings has been investigated, controversy exists as reports remain conflicting (12) . Recent guidelines published by the National Institute for Clinical Excellence (NICE) (13) stated that bone scans are not required for staging purposes in prostate cancer with a PSA level of < 10 ng/mL where the Gleason score is < 8 and no bone pain is present, as there is a very low likelihood of detecting metastatic disease. This recommendation is based on previous studies which reported a high negative predictive value when bone scans were not used in patients with a PSA level of < 10 ng/mL. It was reported that bone scan can be omitted if PSA < 20 ng/mL (14) , other series recommended omitting bone scan for PSA less than 10 ng/mL (15), whereas Lin et al. (8) concluded that bone scan is indicated in all patients. In this series, baseline bone scan could be omitted in asymptomatic patients with PSA ≤ 20 ng/mL and Gleason score < 8, which is in agreement with the American Urological Association (9) and European Association of Urology (10) guidelines. In the present study, the bone scan was positive in 7 out of 52 patients (13.4%). By applying these criteria, this rate of bone metastases at this level of PSA is higher than that previously reported (16) , because there were a high proportion of patients with a high Gleason score ≥ 8. In our series, the rate of bone metastases in patients with PSA 10 ng/mL or less was 15.5% (5 out of 32 patients), which is in agreement with reported series (14) , while bone metastases was 10% (2 out of 22 patients) in patients with PSA level 10.1 -20 ng/mL. This rate was less than the results in reported series (17) . In addition, all the seven patients in our study had a Gleason score of 8 or higher. The current results revealed that bone metastases is common in Jordanian patients with newly diagnosed prostate cancer with an overall positive rate of 39.7% which is higher than that in USA (8.9%) (8) and Japan (22.2%) (18) , which is probably due to lack of a screening program in Jordan for prostate cancer and low awareness of patients, as well as the physicians. Several studies attempted to use the Gleason score to further refine the criteria for staging bone scan. Lee et al. (19) evaluated the Gleason score, PSA level and clinical stage by univariate and multivariate analysis for their ability to predict a positive bone scan in 631 consecutive patients with prostate cancer. Multivariate analysis showed that Gleason score, PSA and clinical stage were significant independent predictors for positive scan and the authors suggested that eliminating staging bone scans would be possible in low risk groups (Gleason score 2-7, PSA ≤ 50 ng/mL and clinical stage ≤ T2b). We agree with these authors but based on a lower PSA level (≤ 20 ng/mL). In our series, no patient with PSA level ≤ 20 ng/mL and Gleason score less than 8 had a positive bone scan in contrast to those with Gleason score ≥ 8 and PSA ≤ 20 ng/mL, as 7.1% had positive scans. This confirms the most recently published series aimed at predicting the presence of bone metastases at diagnosis which indicate that not only PSA but also other clinical variables such as clinical stage and Gleason score should be considered (18) . Gleave et al. (20) mentioned that the negative predictive value of clinical T stage was insignificant to identify the patients with a low risk for bone metastases, which was in agreement with the results in our group of patients. In this series, it could be as a result of the fact that the DRE was done by more than one urologist and the number of patients was small because this study was carried out in a single hospital and the incidence of prostate cancer in Jordan as an Asian countries is less than in Western countries. Compared with the USA, the incidence and age-adjusted mortality rates for prostate cancer in Asian countries can be up to 10-fold lower (21) . Probably, the low incidence of prostatic cancer in Asia may be due to genetic, dietary or environmental factors and their lifestyles (22) . We believe combination of different factors in patients with newly diagnosed prostate cancer, especially PSA and Gleason score in association with skeletal symptoms are important in predicting bone metastases. Chybowski et al. (23) investigated the ability of local clinical stage, tumor grade (based on Mayo Clinic histological grading system) and serum acid phosphatase to predict radionuclide bone scan findings. Although all these clinical parameters directly predicted the incidence of a positive bone scan on multivariate analysis, PSA was the best overall predictor of bone scan findings which is similar to our findings. In this series, the median age of patients with positive bone scan was higher than those with negative scans which is consistent with other reported series (7). This may reflect at least partly the lead-time for the progression of prostate cancer to involve the skeleton, but it may also reflect differences in patterns of referral and diagnosis. Some limitations of the present study deserve mention: this study was retrospective, as in all the other series on this subject. We could find no prospective, randomized studies; therefore, urologists must judge for themselves as to how much weight should be given to retrospective studies. Furthermore, we cannot exclude the fact, even more accurate prediction of bone metastasis might have been reached if other variables such as the number of prostate biopsy cores involved by tumor from each lobe of prostate and the percentage of each core were analyzed. Additional studies are required to clarify the importance of these variables in relation to skeletal metastases.
CONCLUSION
Despite some limitations in the present study (this study is a retrospective and there is a lack of data regarding core involvement), we can conclude that routine bone scan for initial staging of prostate cancer is no longer required. A baseline bone scan can be omitted in Jordanian patients with newly diagnosed prostate carcinoma with serum PSA level 20 ng/mL or less, Gleason score less than 8 and without skeletal symptoms. These criteria, if implemented, would result in fewer bone scans in patients with prostate cancer than recommended by the National Institute for Clinical Excellence -NICE (13) with considerable cost saving. Another benefit of reducing the numbers of bone scans is that fewer patients will have the stress of waiting for their scan results. It is possible that by using these guidelines, very few patients with bone metastases might go undetected against the emotional and financial gains and reducing waiting time for radioisotope scan investigation. Clinical judgment should be used where patients are on the margins of the guidelines.
in men without bone pain in the PSA screening era, the routine use of bone scans may not be useful nor be cost-effective. Recently, Briganti et al. performed external validation of currently available guidelines and concluded that staging bone scan might be considered for the patients with a biopsy Gleason score > 7 or with a PSA > 10 ng/mL and palpable disease (cT2/T3) prior to local therapy.
To apply this retrospective data clinically, it is necessary to keep in mind prior to treatment that prostate cancer patients are at risk for bone metastasis. In addition, bone scan provides a baseline evaluation for comparison in men who later may complain of bone pain.
